We consider class of models where the dominating Higgs boson decay modes are invisible. A common way to search for the Higgs boson in these models is to look for missing p T signature. However, this leaves the width of the Higgs boson unobservable. We propose a new strategy to search for invisible Higgs which can be used for extracting both the Higgs boson mass and width.
Introduction
The Standard Model describes accurately almost all phenomena in particle physics and the only particle which has not been observed so far within the SM is the Higgs boson. However, it has become clear that the SM itself can not be complete. There are neutrino oscillations, strong CPproblem, dark matter, baryon asymmetry of the Universe which lack for explanation within the SM (see, e.g. review section of Ref. [1] ). It can happen that the physics responsible for electroweak symmetry breaking can also be related to these phenomena. Among such extensions of the SM there are classes of models in which the properties of the Higgs boson (in particular, its decay pattern) get modified (see, e.g. [2] - [9] ). Here we consider the possibility that a new invisible Higgs boson decay mode dominates.
The strategy for hunting the invisible Higgs boson at LHC is to search for missing P T events in various channels such as Vector Boson Fusion→ qqH [10] , the associated production processes, gg → ttH [11] and→ ZH or→ W ± H [12, 13] . A tricky question here is how to make sure that the observed signal is really due to production of the Higgs boson, not some other particle. Another disadvantage of the missing P T signature is that only the Higgs boson mass can be estimated from the data analysis: the Higgs boson width remains unobservable.
We propose to use the channels pp → ZZtt, pp → WWtt and pp → ZZbb, pp → WWbb to extract the properties of the invisible Higgs boson in the mass interval 130 − 180 GeV. The reason is that the exchange of the Higgs boson in subdiagramms of these processes corresponding to heavy fermion-antifermion scattering into massive vector bosons should be considerable because it restores the unitarity [14, 16, 15] . In case of the Higgs boson mass above the weak boson pair thresholds these processes have been thoroughly studied [17] . The virtual Higgs boson contributions to W + W − and ZZ production via weak boson fusion and gluon fusion have been also considered in literature, see, e.g., [18] . The main observation of our work [22] is that the measurements of total cross section and invariant mass distribution of the weak boson pair generally allow to estimate both the Higgs boson mass and width.
Invisible Higgs in pp → ttZZ and pp → bbZZ at LHC
We would like to consider virtual contribution of the Higgs boson to the process pp → ttZZ, since it remains almost the same as in the SM (we consider the case where all couplings of the Higgs boson to the SM fields are intact). We use CompHEP [19 -21] to calculate the tree level partonic cross sections of this process (details of calculations can be found in Ref. [22] ). Note, that we take into account both diagramms with and without the Higgs boson.
The results for total cross sections and invariant mass Z-boson pair distributions are presented in Figures 1-3 . In Figure 1 we plot the dependence of the total cross section of pp → ttZZ channel at It is worth noting that the total cross sections of the processes with t-quarks considered in the previous section are of order of a few fb, which requires high luminosity running of LHC to be of practical interest. The same is true for similar channels pp → bbZZ and pp → bbW + W − within the SM because the Yukawa coupling of b-quarks to Higgs boson is quite small. However, in many promising extensions of the SM this Yukawa coupling increases. For illustrative purposes we take the Yukawa coupling of b-quarks increased by a factor A = 50 with respect to the SM case. Note, that the change of the b-quark Yukawa coupling also yields a change of the Higgs boson total width which we take into account accordingly. In these modifications of the SM with large value of A the Higgs boson width Γ mSM is saturated by its decay into b-quarks. For the processes with b-quarks we exclude from considerations the following regions of the phase space of the final state: 159.3 GeV < m bW − < 189.3 GeV and 159.3 GeV < mb W + < 189.3 GeV because in these regions the cross section is saturated by top-quark production and the interesting effects get obscured. The corresponding total cross sections are given in Figure 4 for bbZZ final state. Note, that all our calculations have been done at the leading order in perturbative QCD. We have performed a simple estimate of next QCD corrections by introducing changes in renormalization scale. Our results show that in accordance with known NLO computations for the Higgs production in association with heavy quarks the cross sections and distributions get corrections, however, the observed dependence on the Higgs mass and width is not practically affected [22] .
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One can also investigate another similar channels, pp → ttW + W − and pp → bbW + W − . The behaviour of the total cross sections and the invariant mass distribution for massive vector bosons are similar to that of for processes with top-quarks [22] .
